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(57) Abstract 

A Ga-based sulfide glass characterized by being substantially free from Si0 2 . The Ga-based sulfide glass has preferably such an 
infrared absorption spectrum that the intensity of the absorption of a peak at about 1 100 cm 1 does not exceed 1.0 cm 1 , the intensity of the 
absorption of a peak at about 950 cm 1 does not exceed 2.0 cm' 1 , the intensity of the absorption of a peak at about 3300 cm' 1 does not 
exceed 1.0 cm 1 , and/or the intensity of the absorption of a peak at about 2500 cm 1 does not exceed 1.0 cm 1 . This glass is produced by a 
process wherein the Si content of a starting material is selected so that the content of a foreign material composed mainly of Si0 2 in the Ga- 
based sulfide glass as the product does not exceed 200 ppm. Also disclosed are a fiber having a core comprising the Ga-based sulfide glass 
and an optical amplifier made by using the fiber. 
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&k-tz&tot:Mi< ztizx vmwte* 1 ? xw&'&z ztfrxzz>; <au 
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^f^^tl^tHS Si0 2 <D§L& 200ppm &mx-&t, MMLtz Si0 2 

it'>$t5:i:^iLi\ H 2 S 35<rtJ£*±U:&5 £ > — gfl^TKsif ifiitftt- 
H 2 S cO^tlLj; oT£j# LfcfiRISli, fflX-kt* Ga 2 S 3 fc^eOffi&JRifc 

i:; <&#7;*«:7t>i''<— flrTS*-^ iSiiffl^^ji;< /iSBHt^S. 
;rosHS^^7^f^?)^t5lH s ff4 Liv 
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•O'ft-zH (SHI) &l&i£T-5 3 <^>X§ 3 = ^iittlico^v ^^r, H 2 
(c;f£tTX£S, I-K S £§T*T L^^#BSmi: LXIi, N^ArWi 
#7 X ^ 11" i2i X V "> <b H 2 ScDMli> fit^^ttitl5H,S« 

cteTU ift^wtcrtMDt^ w- k & & & & or ^ ^ i/ vfa m cfe x $ >p -r a , 

a±fftB/I L fc*«HHco«Kia^f£jc J: 9 , #7 <0&4?fc 

* W CO jfc 7 T >f '< — tt , 3 7^75/ K i ?5» ib & 5 ft 7 7 >T 
'< — X' & «9 , t jfl ptl = T /j* ^ 36 fin CO G a ^ ft $9 # 7 X X J# fi£ £ *L 

tt^o =» t <t i- 6 o a m it m a y * \z. ^ * n 6 % -yt m n , >Jt 

-J T J y< — & {£ Jfl -r 7j |rj tfj |- ft C T i§ & it K i"" 5 I H ! t* J 5 , 
01 X. «* , 1 . 3 /i m m m *S ffl <0 % -7 T 4 ~ <D » & , = T t L X , 
1. 3 /itnffil:I*SS^f t5 P r , Nd, S m , D y , Ho 
& l>* E r t!» b ti Z ft 7)» *b H K£ H -5 1 fflXli 2 ffiW±(Oi jt^/f t 

m>J RB * v > s |IL, # 9 * *5 ^ ffl J£ , Jft fl^ 35 « t> tt t£ itt & ^ 
co *a fit, # # & ^ a r # 7 x t to # S S fK . Jffl*T**Sr#*i"5 <b , 
Ga-Na-S^-^Ga-La-S^cOtfv* ( ft ft ^ ^ ^ & 
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^ W L # ) OfflKOA/l'a yt>f K % 7 * *> # /U 3 

± 12 * |g CO % 7 T << '< — fit > PJ! CO G a X&Litfa 7 X t 

M % 9 7 v Kffl^7 7^^ffl^t, « ife K J: 9 fls st -t z z t a* 

j|© P -7 K tfc «5 7 ■ V 7 X — M, % f£ m L , ft^-CiOB S» K^^T 3 

- <o ^ #t -+ & m 1* t# tc m m t± * ^ * - j& t- i* > a- & 1 o 

O ~ 5 O O /i m s 3 7 i 1 ~ 1 5 u m , = T - !/ 7 -y K Pnl cO IS JIT 

* H (An) o . 2 ~ :i . 5%it5:Hiia X- fo 5 o fa L , 
r ti h ic PS a& £ tb 5 4, to t* « /< < , 7 7 /<-«ffl^f t #i L 

T il & & £ i~ 5 r t MX * 5. 

ft (c % * w co 3t ffi as i:o^rKwt5, 

* 3§ W CO # m *S tt , » tit 2.Y T # b ix - If - 3t to T # 14 £ 
H«fLtS*, W 7^ £ £ b K «9 3ft "f 5 fc ft K <£ ffl i" 5 z £ rt* f § 
5 , %:7 T J '< - m tffl H,>- l-t > ft H- 'It , /cfi £S )fc /j» ft £ # tfl I- ;b o 

t /Jn $ t£ = r ic c r ft 6 n 5 fc ft , jt « w w> $ ^ f i % % m. x t 

7 r -< ^< - £ ft < -f -5 ^ t X' 7X # ft #U # ^5 # h ft, -5 „ 

* m w co 3t ii m tff « , Bb fi * w , ft ^ # asu 7fe77-f^-RT/ 
Btriaae*«s*»e>«^i-5afi3tfciwriEft**«7i»e>«^-**5it 

tt5. 3t 7 T -Y ^< - ^ *S §5 lit v l?lx.li"#PI? 5 - 6 3 2 8 5 t 
m * & ffl ¥■ 5 - 1 3 6 5 1 6 %r£:nt£ ¥ iZft L < mm £ tlX ^ 
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y T << '< - *f HI §§ lz *J ^ T » *77^^-i Lt*»W«3fe77 
W '< — & ffl ^ t «0 "C 1 *> 5 = 

3g % II <ir L T P r 4 ir > D y >f + > /£ ¥ & h'-7U:G 

- Jf *g » , 1. 3Mm^©jfcH*I^tLTlffl^?ti5rt^ 
l^F$tit^5, mi $ co «t •) s -T- M ®j =* * /u dp — /J> $ 

ft W (D G a ^ fiit ft: # 7 * Sr ffl ^ 5 w tf, - £: 

HI i (4 , & ft m <n tft ? r >r — 2 0 £ ^ Ac ft 7 r >f '< — Jt *S 

§5 co — 1 1^ J* w & ^ -r , 121 >t= i- j: •) (w , 7 7 <i /< - m *a Sff rt ft 

ft & t@ *S5 i" a * m CO ft 7 7 4 '< - 2 0 t , ft 3r ft U 2 1 t , ^ 

- if ft i!E T*>5Bfi*»2 2 i, lib & * J8R 2 2 7i>ibfg£i-3Stita 

* <t ft *»2 i a> e> ft ± -r £ ft & * £ £ ft 7 7 s< - 2 0 f*j k 

AW^-tt5?St'*)5)t^77 2 3 t £ fi x. 5 „ 

2 * 0) ft -7 r 4 — 2 8 , 2 9 00 rift *J ffi f* £ <9 B fijt L sfc * "7* 
7 2 3(D-^(DA/jffl77^^-2 8 alCtt, ft ft fl£ 2 1 t£ 
I$ti5 a fill 77 cn A 73 7 r 4 y< — 2 9 a \z (± , _L 3d5 CO ©J iS ft 9K 2 
2 # ^ $ S , £ tz. , 5t * 7 s 9 2 3 go fill 77 co Hi 77 ffl 7 r >f ^< - 
2 9 b (4 , J5?93t*B6it-rsfc*^^y^>'^^^^2 7l;g| 
£4x-5r<!;t>T-£&= yt t> 7 y 2 3 co ft <D iti ?] m 7 t 4 '< — 2 
9 a 14, 3t>H^5r^LTjt77^^ - 2 0 II ^ ^ $ tl , ft * 
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2 5 |i m frtl Z> = 3t * ~ ? h 7 A 7 t 7 'f f 2 5 l± , if fg $ *b 

m 7t m , «tft*?&si!E-rs, ft . lEiSr*-; htaiw 

0 i c7)7t7r^^-^iti^^S*Jf^«-^>^"C, m ^ ft t)* St ft i • 

3 u m # (?) «§ (w o ^ r m ¥ f& pj? -r z> n ft 2 i a» e> <& as 

ft 1 . 3/im^^m^)t(t, 2 3ft^T*77>f ^-2 

0rti:AWt5o (si B# , u — •9 1 3taS2 2 75»b<7)ibfi3t , t>*"7 B 7 
2 3^^t|77^^-2 o C A W t 5 , zcolfcMftttft^r 
^< - 2 0 |*J CO $g ft fifi ^ * > £r It) $B -T 5 B ft ffi W > 7) 5 P r 3 * T 
<fc 5 41 £ , SSI. 0 2 /i m to ©J m ft £ m b> X P r 3 'cO « -J- & W itL 
1 G 4 iZ FxJj 42 ~T Z> , Z cO ft P r 3 * tt , m ^ ft B?£ W- £ *b 7c il f£ ' 

G 4 — ' 3 H 5 {£ it ft -f 3 z£ ft 1 . 3 /x m *ft CO J* W * £: 3g £ "f 5 0 L tz 
ifi o T , fib & ft 7)5 0f co /$ & M 3. 5 <!: . , ffi ft * *@ £ *b 5 C 

t t f£ Z „ 

a ± , j& ft 1 . 3 /i m flf CO if ^ ft cO ffij i:o^tll L /c « , * 
co {t!i co i£ ft co it 3* . m^3te<7>&fti£3S3fciKft£*ri-5$63te*i>f *" 

* tz. m & ft m to & ft « , 3g ft « >r #■ > x »* it $ -r > co fit m 
rj;«?ais:*^"c#» ffj x. ii* 3£ ft * *■ > ^ d y co m & . 1 . 2 

* , mf IE CO ft 77 -7 7 2 3 |£ ft X. T , ®b|£3tj®2 2^bl8^-t- 
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5 m & it t « ft K 2 1 ^bi4t5lffi^*77^^-2 
0(*Hc:A£|-£-t!: ; 5^f&<>: Lt, ffll ;i ii* ^ - 7 5 9 - * & ffl ^ -5 - 

JtfSW i 

WSWWt LT, rfTH£cDGa 2 S 3 (Si=35ppra) :Jo «t t>* Na 2 S (Si=^ 500ppm) Srfgffi 
L , 66GaS 3/2 -34 NaS, /2 ffl fi£ <b /c 6 J: 0 ffi\ % £ fc. ' < «y ^ 1 5 g £ -5» Ac o 
t*-|'y5o (£ AtL , N, £ fi* ^ 1 000ml )p ft wfc L <C /5 5 o 1 000'C Tf I 1$ HI 

ft 35mm * x 5mm W R fttfe W ^il IJfl /£ # 9 X & « -L« *:» "9 Z t T* 6 

#7 x SrJl^T , HI 2 L Ac J: -) U: ££33* ^^-tfttS! X 

mftitmz J: «9 , Si L 5 r. £ 3:4*88 L fc„ e h C« <9 cD 

5 ffcco 11=7 xzmi&miziftfr L . S%i*SBW.^SrI& <9 LtJ L Tig fflcoi'lS£& ffo /c 
#7X<p(D Si0 2 &±l«»t-r 5 »4**3i*W UOOppm "OfeS z. £ £ftt 

tt&M 2 

tH38IJS**t LT, m85tf) Ga 2 S 3 (Si=35ppm) *3 <t t>* Na. 2 C0 3 (Si=2ppm) & fife ffl L , 
ft#^W*CWfeixa^7^7i s 66GaS 3/ . 2 -34NaS l/2 mJ*T L5g £ & 5 «fc 0 •fcft-Sf 
Lfc 0 NajCO, Sr^fc-ot * — jK^SolStcAix, N 2 1000ml *p 

I00%c7) H 2 S &S^> 100ml Sol^Cg L4^^, 450 C C • 2 H#P^(D^P^ 

NaHs(«a^**-t- h y -^k Na^sfc-ri:-*- h y #VMt-r h u 

20 



WO 99/14168 PCT/JP98/04095 

soifian, n 2 &tfr5$ iooomi jFi*i(£atL>fcdss> looot-c i i$is!/jnaftJSttL 

fc c ISTflX flfctiLfcgL-fcJB** £ S. * T' |$ ft & ft 1/ \ ft 35mm 0 X 5mm 

W (D R ft «0 ^ n;j /£ # 7 X & /c , Z«^7 7, — jffi & Hmm X 8mm X :3mm l-I 

1 100cm 1 (3. x S i O 2 • y N a S O ^ CO J; ft fii£si5c0^3(?g£J&*&i& K «fc 5 <t % 

31*6011 l 

WlfiiBlWi: LT, ili" IK CO Ga,S :) (Si=35ppm) *i J: XI Na. / CO,(Si=2ppm) & f&ffl L , 
MMt) \^Vf ibtL 5 13 v X *s 66«aS 3/a -34NaS l/a #J1J*"C 1 5g £ /ji & J: V > Ztlf: 
tl%WmL£l. NnjCQ, &^fco* * — ?K>6otS(CA4x, N 2 & fitly I OOOml 

I00%cO II,S SrfS'tf lOOml 3 Otf'F*] (ipfi L ft 7>* 0 , 450 C • 2 H# III] oO M gfc 
&?T^, NaHSCfiifHtTK^-^ h U . NaxSy («ftft^- h U * V fifU^ h 

'J ? A ) (O i& ^ 4* & # 7c , Ztlb <D U £%0k CujSa & L , Ac o * * — 
y^olJ'ilAH, N a &®$> 1000ml l()0%tf) ||,S £r 40ml Z Of£f*l iCjjft L 

ft /j « ii, i ooo c T- 2 mi m m m t /c * » s, * o i* ny 9 m l -/c & , -c o> * * 

T'l&ft £ fr^ , fa 35mm 0 X 5mm )f-CO R titRtO # V ^ «r»fc„ Z.O)jJ=7 
*cO — g|S£ «mmX8mmX3mm (CJi£M L , **MttHX;*'*? h ^SrPlfil L /c*£^:, 
^ l *3 X Xim 3 (d^i" J; 9li I 100cm"' <D x S i O , • y N a 2 S O , oO J: ') ft fifc 

L . 2500cm"' iZ SH <t <5 £ 3f X. ^ * ^ «1R f - 'J ifi UtErt 5 Z t fcffifi! 

BLt s 
^Jfiif?>J 2 

UJMfU LT, rtTR5<0 Ga,S 3 (Si=35ppm) *$ «t U< Na 2 C0 3 (Si=2ppm) & f^ffl L , 

21 



WO 99/14168 PCT/JP98/04095 

ftfetfjClft bH5^7 * #S 66GaS s ,,-34NaS l/l *arit"C log £ 5 J: •) ^h,^ 
MlffLfc= Na,C0 3 Sr^fco^ *-^>5olJHA^, N 2 £r&# 1000ml *p 
|*| {C, L00%tf> H 2 S I 00ml 5 0(£|*| KSfc L t£ti* h , 450 C C • 2 B# RA <£> flO & 

SrfTV^ NaHS h V Na^CfiitHb^ h U L> Sfefk^ h \J 

cOjR^4fc«r»^ ^ti^co^^^i Ga 2 S 3 Sr^U *>7ho# 77 
5of£[CA*K N 2 &f5# 1000ml *pft{^, 100%tf> H 2 S & 40ml 

ith loootT- 2 u#p f fh oi^t* Solute n 2 s ^sfti-wSr-^^r iooo°c • 1 b# 

rn-J 35mm 0 X 5mm J? GO R tO # 7 7,^# fc,, r cO # 7 * cO — tH5 & Hmm x 8mm X 3mm 
I lOOcm' 1 t/JOftlR t — ? rtSlttfcflll 2 <t Jtlfc Ui'> L , 2500cm' 1 </)i&UX t : — ^ 

IBI«Rco**flsic <fc 9 #9 7. & 5 flcflsfiK L , tt'WJ l ti^ L ft co 

o /c^m, »4*Jttrt J MOppm "Cifc 5 Z t SrfiftlS L fco 

|BItii(Oj*tfM£J: "9 777^$r 2 tfdWL, &ffi«R4k&I& 9 l&Wcf&, P?JK, 
N 2 &fii# lOOOml n^(-?jfc L^7)5 1000 Cf 1 ll*|HK ^l^lSfflfT 5 CI t X' , ffl 
35mm0 X 10mm W<K R W # 9 * SrWfc. r tf>#9 * V\ #m Ll$.BJf\Z- 

7 * — A tt , 5. 4mm, ft $ 250mm "C *> 5 = O £ ' - (7? 7= y 7 ^ - A £ ft) 555°C 
T"I£3I#U 7yi^^W«Jj^^7-vKiLT, =>Tf£ 125/im, 

200 * — |WUC/) 77 — ?rt#fc, :©77^^lft 1.3/zm T'COtl^ 
11, 77 h -v * -fete «fc a PJ/£T* 7dB/m o fc, 

mmm 3 

tH^lfJ^LT, ffTRScO Ga,S 3 (Si=35ppm) *3 «fc TJ< Na 2 C0 3 (Si=2ppm) £rf£ffl L , 
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hHZ> U=7 66GaS 3 . 2 -:i4NaS 1/2 Mj*T' log t 3 X 0 ^ix-t* 
n£r#ftLfc, Na,CO :! fc*fco| *-;K>5offlcAn, N 2 1000ml 

100%cO H 2 S 1 00ml SollrtlilL/^i?), 450"C • 2 n^PRH c0^pS?i 

£JOcDjR£'4*&fl*fc !! zn*>cofli&^£ Ga^ & 81 £ L , .i>fco#*>-/t*y 
2>Ol£(CAtL, N.,£r&5-> 1000ml 100%(tt H 2 S & 40ml 5 Ol£|*l {d?jlc L 

asp, iooo'ct- 3 o^-csoUrti: n 2 s £»ft-fco£A*tf>T iooo i; c • 1 b# 

rft 35 mm 6 X 5 mm Jig c/) R c/J # =7 X & f? f fc., Z CO # 7 * CO — ?f|S &r Hmm X Mmm X 3 mm 
(cn5cM L , 7^ '/ h >u& « L -2? i *5 J: t/lH 3 J; 5 

(c 1100cm' 1 coiJ&Ux t y dsitttfll 2 *3j;0*^Mi^l 1,2 tttfe LTi'> U 
2500cm 1 cO ijft J|X t — y t> f**'J l t tt«fc L T L T v ^ 5 ~ £ £ fiftHS L fc, 

o W^ut/J 5 1-tOppm -e<fc 2) n t L fc s 

N*«:©$> 1000ml ^i*](cwfc L/c/m f> looo CC' 1 H*|BK Jiwrnmrn-r ^ z t X- , #j 
35mm</>xi0mm JfiCOR tttfccO # v X & C tO # 7 * Srffl V ^ Wtb U&JF*?j l£ 
J;oT7 , !J7^-A?r f^SSI L it, jiptUL iliJK 530 : C"C S> 9 , {HHfc7'J 

7^- — -MiJl^J 5.4mnuJS£ 250mm T* <fo S , O #" ~ CO ~? V 7 * — J* & fa doo°C 

200 y — h/UcO 77^«- SrWfc, C<7D7 /<(Oifeft 1.3/zm T*CO|S#; 
J4 % h^-y^t£ia5 fflij £ "C 1 tIB/m T' <fo o , 

31 4 

ttJ3§«|-£ Lt, ffTBRcO Ga 2 S s (Si=2ppm) *3 X XJ Na 2 C0 3 (Si=2ppm) Srf^ffl L , 
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f^lwilbtt5^7 7,i4S 66GaS 3/2 -34NaS l/2 iiyiJ&"C 15g t ^ -5 J: 9 (C, ^rtv^' 
*i£rffft Lfc, Na 2 C0 3 fc*fco| ^-^y^oiJllAtl, N 2 &Mft 1000ml *P 
|*||^ 100%<D H 2 S £f&# 100ml 5 Ol3:|*l tflgft L tf* *b , 450=0 • 2 B# HA cD flP 
&'fT^ NaHS(^t:7R^i- h 'J £ A), Na s S y (*jiHt^ H U * ^ , 'J h L> 

VJ-^tDU-ei-WZ'&tZr. ZtLb<Oi&&ysb Ga 2 S 3 &2S#L, .fefco* 
Sof-fldAtb, N 2 &fe# 1000ml *PrtliBlL*i s e> 1000°CT- 1 l$fHJ)a&«iR L 
/c 0 *F34»*bSo{?I& 9 M Ltz'&, -?:<D**^fa*T-|^^Srtf </\ #J 35mm<*> X5mm 
J^c^Rtt^cT)^^ ^ -(Dtf? X(D~ W% 8mmX8mmX3mm C^iL, 

jfcfti&VSLX^? K/uSriWAELfcJg*, 35 l # <t t>*0 3 ^^i" «fc 9 lioocm"' 
COHSUX t - ? riSJfcttfll 2 *J «t O^^iiOi^J I, 2 £ Jtttfc Lt«'> L „ 2500cm" 1 wqftUX 



* l 





wm&m (cm 1 ) 


HUlRfB: 
(ppm) | 


m$k i. 3 

U m X'<D 
(clB/m) 




ifi 950cm' 1 


m 1100cm' 1 


m 2500cm 1 


m 3300cm"' 


i 


0. 83 




mtox^-r 


0. 26 


1400 




2 


0. 35 


3.92 




tiitox-zir 






1 


0. 35 


0. 62 


3. 80 


®tox$-r 






2 


0. 35 


0. 64 


0. 03 




140 


7 


3 


0. 35 


0. 03 


0. 02 


mmxz-t 


140 


I 


mmm 

4 


0. 28 




0. 02 




0 

1 
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<£< < , ^Ol/-f-^^- v7j 5 & <9 K< l^fttf) S i fl^4fc (4#l-S i 0 2 ) 
Ld^WLfcV^ ^fclillSCtfJt-S ilt^^rtf L^^Ga^Hb^^7 

LT/f^T ft < i§M3*c?M&</ N G a — N a - S^#7*£®}it 
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(2) s iojss i o 2 z^f&ttkirzmiL*x*ibz>m&mi KSB«ttf>#7 

(3) jS^&KiR*^* h^^><^^ l l 0 0 c m" 1 \z. fc c — ? ^rW-r S^lSlIXCO 
3ft£a* 1 • 0 c m~ 1 WTt?fe«IS*JS 1 *fcli2 K.|S«fc£>#7;*o 

(4) ^^^SRilX^^^ h/Ht»<o*ft 9 5 0 c m -1 (£t = — ? £ *Ti" 5 ®iR <7>3ft 
ffi^s 2.0c tn-'WT-CfcSIIIM 1 ~ 3 (DV>W 1 JS»-SB«&<£>#7*o 

(5) /**M&®1|X*^ h/Ucfi(D^3 3 0 0 cm"' fc. t ; — ^ £ 5 55 UX <£> 

(6) ^^IftiKllX^^^ h'l-rp<Dlfa 2 5 0 0 cm-' |C fc c — * & ^Ti" -5 !ftJK<£> 

s&Ka* i . o c m-'eiT-cfesai** i ~ 5 [ztzmw? *o 

(7) G a mmkWtf?*^, Ga-La-Sl^7^XI4Ga-Na-S 

(8) e>l£-&tfM#JS i ~ 4 <z^-rixj&» l rllctSitcD # 9 

(9) JSJtS'f 3t-^j5« Pi\ Nd, Sm, Eu, Tb, Dy, Ho, E, Tm Yb fab ft 
Z Ufa bM&fr t i> 1 U(DJ *yX~h2>s%#:lg. 5 {C3B«S<Z>#7*„ 

do) g az^&mtwtf? x<Dmm%mm-tZ)T.u, mm^m^i^ 

mkVQtf^xqxDS i 0 2 &±j£#£-f SJ&^co^Wfta 5 200 P P mWTi: 

(1 1) G a mmtyotf^Xfa. Ga-La-Sl^7^XliGa-N 
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a -S&# 7 * -Vh^m^m. 1 0 KSEtt^Slii^ifeo 

(12) G a &^tfM*fc#7*<7>J!!|»-}- h V V 2*<nmtmX*fo <9 , 
M^t'^'SG a-Na-S^tf^^^WS i0 2 £ ^fifc^ t ~t 5 giM)<D<£ 

200 p p m JtAT <t £ J: ? hu te-^- h U £ ^(DmtWRTfG a 2 

s 3 (ds i ^Wft^jltR-r^It^Jl i o <£iE*c<7?2r?£o 

(13) tf^^WMt US i -a 10 p p mJWTcD-*- h V 0 i*<£>fiifc 
itWot S i ^Wfi5 0 p p m«T»G a 2 S 3 t & m V > 5 1 2 BE*t<?> 

(14) th'J ^c/)fiiHI^7«te**^- h^i^> Ofoit-}- h V ?J*R 

v# y mit-r h y ^^.Ti^ib^sef frhMttftZ'Pte < t t> 1 fi-c&sii* 

Jf 1 2 £fcf± 1 3 tZffiommij&c 

(15) -t- h y ^cOfiUb^^ h y ? A^<t5itt^7K^i c/)Ki££j& 
#)T'£> t h !J AJ&cD S i ^Wftri> 5 p p m^TTfe-SM^f 1 2 ~ 

(16) -thy <?j*i&f>>mm-f- h y ^^-^^51^*11 1 5 um^m^ 

(17) Si ^^fi 40 p p maTcOG a 2 S 3 ^^7^J^*4i LTfflV^ 
1 2 ~ 1 6 (D\,^-Tfrfr 1 Jl{-IE*fe^mjt^feo 

(is) t i>mmmmmmx*(oi%mxm&H 2 s #fi-#!g^;T-e 

n 9 io~i 7©^t^ 1 m^td,m.<Dmmjj& 0 

(19) H 2 S^W#ffl^, H 2 S#ffl^*/iliH 2 S ^^ft5^F 

(20) ^ ^mjfa^^sx^^^xa^H 2 s^^#is^ts 
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(2 1) h 2 s^w#tam/j^ h 2 s#tam*fciiH 2 s 

(2 2) =7S^7 5'K^?)/i577^^-X-fcoT, ilir 3B = T # 8* 

sfcJg 8 * fctt 9 tcHBttcD G a ^mit^O U 7 * 7>> h 5 7 T — = 
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